Background: Granular cell tumors (GCTs) or Abrikossoff's tumors are rare neoplasms known to originate from Schwann cells in the peripheral nervous system. These lesions are usually benign; malignancy only occurs in 1-2% of cases. Surgical resection is the traditional treatment method for GCTs, but it poses several risks and disadvantages related to the surgical incompatibility of the patient, the extended recovery time, and the chance of relapse. Cryoablation is becoming an increasingly favored method of treatment for tumors, both benign and malignant, due to its minimal invasiveness, natural analgesic properties, and ability to stimulate antitumor immunity. Cryoablation may contribute to the prevention of secondary and metastatic tumor growth in cases of malignancy by preserving tumor-associated antigen molecules for recognition by cell-mediated immunity. Methods: This article describes a novel method for GCT treatment using cryoablation. This technique exposes tumor tissue to extreme cold temperatures, effectively destroying tumor cells by irreversibly compromising their plasma membranes. To our knowledge, this is the first report in the literature of cryoablative techniques being used for GCT. Results: Cryoablation of this mass was successful with no complications. CT images during the procedure demonstrated circumferential coverage of the entire lesion with no injury to the surrounding tissues. Conclusion: Cryoablation can be used as an alternative to surgical intervention to treat malignant GCTs. This procedure is minimally invasive, less painful, and potentially effective in promoting antitumor immunity.
Introduction
Granular cell tumors (GCTs), also known as Abrikossoff's tumors, are rare neoplasms first discovered in 1926 by Abrikossoff and originally thought to arise from smooth-muscle tissue [1, 2] . In the decades following, immunohistochemical and ultrastructural studies of the affected cells revealed that they are actually of neural-crest cell origin, derived from Schwann cells that are normally responsible for the production of myelin around neuronal axons in the peripheral nervous system [3] . GCTs are most commonly benign, with only 1-2% of cases presenting as malignant, and usually occurring in middle-aged females [4] . GCTs can be found anywhere in the body, but commonly affected areas include the tongue, head, neck, and subcutaneous tissues. Granular cells in GCTs are histopathologically characterized by cytoplasmic granulation manifesting as microtubules, microvesicles, myelinic structures, and high-density regions [5] . The myelinic component of the granules, marked by the presence of sphyngomyelin and lipoproteins, is one indicator that GCTs originate from Schwann cells [4] . Granular cells have also tested positive for protein S-100, associated with neurodegeneration, and neuron-specific enolase, providing further support for GCTs' affiliation with Schwann cells [3] .
GCTs can be diagnosed as malignant based on a number of characteristic features, including pleomorphism, heightened mitotic activity, distal metastasis, or rapid relapse following resection [3] . Traditional treatment for GCTs has consisted primarily of surgical resection, but more recent noninvasive and ablative techniques have shown varying degrees of success. The authors of a literature review on GCTs of the tracheobronchial tree suggested that surgical resection is the first choice of treatment for more symptomatic and larger tracheobronchial GCTs (> 8 mm), but that noninvasive techniques such as neodymium/ yttrium-aluminum-garnet (Nd-Yag) laser therapy or electrocautery are effective for less severe cases [6] . Mohs micrographic surgery has also been employed as a simpler and more precise method of removing subcutaneous solitary nodules [7] . Ablative techniques have been used to treat GCTs in the form of endoscopic bipolar cautery, submucosal polidocanol injections, Nd-Yag laser, and the endoscopic injection of dehydrated alcohol [8] [9] [10] [11] .
This report demonstrates the utility of cryoablation for a 58-year-old woman with a past medical history of atypical ductal hyperplasia post-lumpectomy who presented to the emergency department with right-flank pain, dysuria, and microscopic hematuria. She was diagnosed with a urinary tract infection (UTI) and subsequently underwent a CT urogram with and without IV contrast. Cross-sectional imaging demonstrated an incidental soft tissue mass in the subcutaneous fat of her right flank continuous with the external oblique musculature. The mass was round with homogenous soft-tissue attenuation (mean: 52 Houndsfield units [HU]) measuring 1.8 × 1.7 × 1.7 cm (transverse × craniocaudal × anteroposterior). The mass enhanced (mean: 85 HU) on the nephrographic phase of enhancement (a 75-s delay postinjection) ( Fig. 1a ). No distortion of the contiguous muscle or stranding of the adjacent subcutaneous fat were noted.
Based on the incidentaloma observed on CT, the patient was scheduled for an imageguided biopsy (Fig. 1b ). The tumor cells were large and contained intracytoplasmic eosinophilic granules, thought to represent lysosomes ( Fig. 2a ). The individual nuclei were small and regular with inconspicuous nucleoli. Large eosinophilic droplets could also be seen and were periodic acid Schiff (PAS)-positive ( Fig. 2b ). The tumor cells were diffusely positive (cytoplasmic and nuclear positivity) for S-100, highlighting their Schwannian origin (Fig. 2c ). The biopsy did not demonstrate malignant features such as cellular atypia or abnormal mitotic figures. The lesion was therefore determined to be benign. Traditionally, recommended treatment for benign GCTs consists of curative surgical resection [12] . Cases of benign GCT typically do not metastasize and very rarely become malignant. However, GCTs have a recurrence rate of 20% when resections margins are not clear of tumor infiltration, and of 2-8% even when these margins are completely clear [13] . Cryoablation may decrease recurrence by stimulating systemic antitumor immunity [14] . The patient desired minimally invasive treatment and opted for percutaneous cryoablation over surgery.
Materials and Methods
For the CT-guided biopsy, a 17-gauge coaxial introducer needle was positioned in the mass with the patient prone in the CT gantry. A total of 3 core biopsy specimens of the mass were obtained using an 18-gauge BioPince needle (Argon Medical Devices, Frisco, TX, USA) and submitted directly to the pathologist.
For CT-guided cryoablation, the patient was positioned prone on the CT gantry and prepped in the usual sterile fashion. Limited CT images were obtained to delineate the right-flank soft-tissue mass abutting the oblique musculature and for procedure planning. The skin was marked. Using CT guidance, 3 17-gauge 1.5 IceRod CX cryoablation needles (Galil Medical, Arden Hills, MN, USA) were inserted by direct CT fluoroscopy into the round, homogeneous, subcutaneous mass bracketing the tumor, two in the superomedial and superolateral portion of the tumor and the third within the inferior portion of the tumor. Warm saline in a sterile glove was placed on the skin over the cryoablation zone to help prevent frostbite.
Results
Limited CT images were obtained at 5-and 9-min intervals to evaluate the progression of the ice ball ( Fig. 3a, b ). This demonstrated circumferential coverage of the entire mass. Following removal of the cryoablation probes, limited CT was performed, revealing new hypodensity interposed between the mass and oblique musculature consistent with the ice ball ( Fig. 3c) . No hemorrhage or injury to the surrounding structures was noted. At the 6-week follow-up, imaging revealed a significant reduction in lesion size and no internal enhancement, evidence that the tumor tissue had been rendered inviable by the cryoablation procedure ( Fig. 4 ).
Discussion
While surgical resection has long been considered the primary method of treatment for GCTs, minimally invasive and ablative methods are increasingly being used as more practical alternatives. There are many unique advantages associated with cryoablation which are unattainable through surgical resection and other ablative techniques. For instance, cryoablation is a minimally invasive procedure, making it a safe and effective option for a wider range of patients. Recovery time is shorter and the procedure is less painful due to the intrinsic analgesic properties of ice [15] . It has also been shown that this technique poses a minimal threat to nontargeted periarticular tissue architecture within the treatment margins during percutaneous bone ablation [16] . Finally, cryoablation in conjunction with preablation embo- . The mass has "disappeared" as the cryoablation ice ball is closer in attenuation to the surrounding fat tissue than the index mass. c Immediate postprocedure axial CT shows increased conspicuity of the mass versus the intraprocedural images. There is faint hazy hyperdensity surrounding the mass and hypodensity at the interface of the mass and the adjacent musculature representing residual ice. This atypical appearance is related to surrounding fat density and is in contradistinction to the typical appearance of a cryoablation ice ball in solid organ tissue. lization has been shown to increase the cost-effectiveness of the procedure; this method facilitates tumor shrinkage prior to ablation, thereby reducing the number of probes needed during the actual procedure [17] .
Prior research has revealed a positive correlation between survival and immune function prior to treatment, supplying evidence for the effective immune response activation elicited by cryotherapy [14] . While a number of ablative techniques, including radiofrequency ablation (RFA) and microwave ablation, have been associated with beneficial immunomodu- latory effects, cryoablation seems to offer a unique advantage by safeguarding the structural integrity of tumor-associated antigen (TAA) molecules while simultaneously subjecting tumor cell membranes to irreversible damage [18] . Cryoablation therefore results in a greater percentage of activated dendritic cells after treatment compared to RFA. RFA and microwave ablation have been shown to induce coagulative necrosis while preserving tumor cell membranes, leading to a greater chance of recurrence compared to cryoablation.
The antitumor immunity benefits of cryoablation stem from its ability to maximize the necrosis/apoptosis ratio while protecting TAA molecules, which would be destroyed by thermal techniques [19] . It is postulated that maximizing the necrosis/apoptosis ratio serves as a danger signal to the immune system, facilitating an immunologic elimination of the offending antigens and reducing anergy in tumor-specific T cell clonal lineages [20] .
Recent studies have attempted to explain the mechanism behind the systemic antitumor immunity induced by cryoablation. An experimental study showed that, compared with excision, cryoablative techniques inhibit the growth rate of secondary and metastatic tumors; this was associated with elevated plasma cytokine (IL-1α and TNF-α) levels after cryoablation, which may contribute to stimulation of a systemic immune response [21] . The authors concluded that these results gave reason to attribute early tumor growth inhibition to nonspecific immune responses like the release of cytokines, rather than to a specific T cell-dependent response. However, another study, using T cell receptor repertoire analysis and immune profiling following cryoablation, demonstrated the expansion of a small subset of T cells in the tumor tissue as well as in the peripheral blood, again indicating a systemic immune response against distant secondary lesions induced by cryoablation [22] .
There is increasing evidence that surgical resection of tumor tissue may actually promote relapse and secondary tumor growth, providing further reason to opt for minimally invasive techniques if possible [23, 24] . For example, intraoperative tumor manipulation contributes to tumor cell dissemination or seeding by stimulating metastatic embolization and forcing tumor cells into the lymphatics where they can then enter circulation [25, 26] . Cell-platelet interactions which form cell aggregates may promote relapse as they are able to safeguard residual tumor cells during and after excision [27] . It has been shown that tumor excision can also alter the properties of neoplastic cells, increasing their tumorigenicity, thus enabling the activation of previously dormant tumor cells [25] . This is supported by observations of decreased apoptosis and heightened proliferation following primary tumor removal, as well as an increase in several blood-borne factors which potentiate tumor growth.
A study on the influence of surgical procedures on the metastasis of primary breast cancer showed that the surgical wound promoted tumor growth and the pulmonary metastasis of cancer cells [28] . Finally, the postoperative stress response induces immunosuppression immediately after surgery by quickly reducing the activity of natural killer cells and lymphocyte-activated killer cells, which usually play a significant role in immune antitumor surveillance [29] . Tumor cells are then able to bypass the host immune response, creating an immunologic window of opportunity for accelerated tumorigenesis.
In contrast, the potential immunomodulatory benefits of cryoablation are particularly useful in cases of metastasis as they may induce a systemic antitumor response which reaches all affected regions and hinders further secondary growth [15] . While malignancy and subsequent metastasis in GCTs is extremely rare, there are reported cases of metastasis in both malignant GCTs (particularly of the esophagus) and histologically benign GCTs [6, 7] . There are thus opportunities for the application of cryoablation and its possible immune benefits in treating GCTs specifically, especially those that are metastatic or malignant. Furthermore, cryoablation may be utilized in the future to treat tumors that cannot be reached percutaneously, given they are accessible and do not obstruct vital structures.
